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APPAfiATUS AND METHOD FOIt CONTROLLXtfG ELECTROPHORESIS 

The invention r^lates to a device for controlling electrophoresis, 
which device is provided with an electrophoretic system included in a 
channel, comprising a multiplicily of charged particles induded in a 
medimn^ which device is further provided with control means arranged to 
5 apply a rectified voltage across at least a part of the electrophoretic system. 
Such a device is known per se. 

A display may, for instance, be provided with one or several of such 
' devices. In such an electrophoretic system included in a display, the charged 
particles often comprise particles that are provided with a color different 

10 from the color of the medium. By means of the rectified voltage across at 
least a part of the electrophoretic system, the charged pairticles can be 
moved firom, for instance^ an actuation side to a view side so as to control 
the visiml appearance, and in particular the color, of the view side. In such a 
case, the display often comprises multiple channels each provided with an 

15 electrophoretic system across which a rectified voltage can be applied. By 
separate drive of each individual device, images can be generated on the 
display. 

However, an electrophoretic system as referred to in this application 
may also be a biological system in which the charged particles comprise a 
20 biological siibstance, such as, 6>r instance, a firagment of a DNA structure or 
a protein. In such cases, the medium comprises, for instance, a microporous 
gel. 

The control means often comprise electrodes to be able to apply the 
rectified voltage across at least a part of the electrophoretic system. When 
25 an electrode is placed at each end of the channel, the time t that the 

particles require to get from one electrode to the other electrode under the 
influence of the rectified voltage equals, by a simple approximation. 
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tta^ 1 

wherein d equals the distance between the electrodes; 7 is the viscosity of 
the medium; is the dielectric constant of the medium; V is the potential 
5 difference between the electrodes; and ^ is the zeta potential of the 

particles. The system is often optimized to hmit the time / to a minimum. 
In the example in which the device is used as a display element, a short 
time t means that given a proper control the display element can rapidly 
change in color. On an electrophoretic display comprising a multiplicity of 

10 such display elements, the images can rapidly succeed each other, given a 
suitable control for that purpose- To that end, in many cases, the distance d 
between the electrodes is minimized to hmit the time / . 

A problem is that sometimes the other parameters cannot be changed 
because, for instance, the particles and the medivun are given. For instance 

15 in an application where a purpose of the electrophoresis is to separate 

charged DNA fragments from a biological substance, the particles and the 
medium can hardly, if at aU, be optimized to shorten the time / . Also, from 
practical considerations the potential difference V cannot always be 
increased without introducing other drawbacks and/or problems. One of 

2 0 these problems is, for instance, the strong coagulation of the particles near 

an electrode to which the particles are attracted under the influence of a 
high rectified voltage. 

The formula, as stated, is a simple approximation. For instance, 
according to the formida, the response of the particles in terms of speed 
25 would be constant if all parameters are constant* However, the speed of the 
particles is of coxurse far from constant when the particles are set in motion 
from a condition of rest under the influence of a voltage applied across the 
medium- Nor do the particles move at a uniform speed once they have 
arrived at an electrode to which they are attracted. In general, a response of 

3 0 the particles to a voltage applied across the medium is very slow and/or very 
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low. In this case, response is understood to mean the attainment of a 
particular extent of electrophoresis* 

This extent of electrophoresis may be expressed, for instance, in a 
nimiber of particles having traveled a defined distance within the medinm 
5 after a defined time. In an electrophoretic system functioning as display 
element, the extent of electrophoresis may be determined, for instance, on 
the basis of the att£unment of a color intensity of the system on a view side 
of the display element within a specific time. 

It is an object of the invention to provide a device with which the 
10 response of the particles can be improved in comparison with a response of 
the particles in known devices. 

The stated object is achieved with a device according to the invention, 
which is characterized in that the control means are further arranged to 
superpose on the rectified voltage an alternating voltage generated in 
15 balance around a zero voltage. 

Surprisingly, this has the effect that the response of the particles is 
better in comparison with the case where only the rectified voltage is 
applied across the electrophoretic system. This can mean^ for instance, that 
the electrophoresis can be carried out more rapidly. In a display element, 
2 0 this implies that the visual appearance of an electrophoretic system 

included in such a device can for instance be controlled more rapidly than in 
a known device. Moreover, an undesired coagulation of particles can be 
prevented. In the example of the separation of DNA particles fi:om a 
biological substance, this implies that the separation process can proceed 
25 more rapidly. 

A better response, however, need not mean that the speed of the 
particles is higher^ but can also mean that the amount of particles moved to 
a desired position in the medium is higher than the amount of partidea 
moved to a desired position within a comparable time. 
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In a further embodiment, it holds that the channel is provided at a 
first channel end and at a second channel end with, respectively, a first 
electrode and a second electrode, the control means being arranged to apply 
to the first electrode the rectified voltage having superposed thereon a first 
5 alternating voltage generated in balance around a zero voltage. This 

provides the advantage that a voltage, such as, for instance, a zero voltage, 
can be imposed on the second electrode in a simple manner. However, a 
voltage imposed on the second electrode may also be a voltage aimed at 
changing the e£fect of the voltage imposed on the first electrode. This 

10 increases the possibilities of simply controlling electrophoresis in an 
electrophoretic system in a desired manner. 

Thus, in a special embodiment, it may hold that the control means 
are further arranged to impose on the second electrode a second alternating 
voltage generated in balance around a zero voltage. Surprisingly, it has 

15 turned out that when applying across the electrophoretic system a voltage 
comprising a rectified voltage having superposed thereon an alternating 
voltage having a relatively high amplitude, the response of the particles is 
stiU better, compared with the case where a rectified voltage having 
superposed thereon an alternating voltage having a relatively low 

20 amplitude is applied across the electrophoretic system. Accordingly, this 
special embodiment provides the advantage that the eflFect of the rectified 
voltage with the first alternating voltage superposed thereon as imposed on 
the first electrode can, if desired, be enhanced. This does not require the 
amplitude of the first alternating voltage to be increased, but instead only 

2 5 the correct second alternating voltage must be imposed on the second 

electrode. It has turned out that under the influence of the rectified voltage 
having superposed thereon the alternating voltage of a relatively high 
amplitude, generated in balance around a zero voltage, the particles move 
better through the medium in comparison with particles subjected to a 
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rectified voltage having superposed thereon an alternating voltage of a 
relatively low amplitude^ generated in balance aroimd a zero voltage. 

In the example of the electrophoretic display, this may imply that the 
images, if desired, can change even more rapidly. Also^ the effect of the 
5 measxire may imply that more particles can contribute to a color, so that 
parameters like brightness and contrast can be favorably changed. 

When the electrophoresis is aimed at the separation within the 
system of, for instance, charged DNA fragments and the medium, the rate 
and/or the yield of the separation can be increased by means of the 
10 alternating voltage imposed on the second electrode. In methods for 
isolating DNA, this can be a major advantage. 

In an even more special embodiment, it holds that the control means 
are further arranged to present the second alternating voltage in a phase 
which is substantially opposite to the phase of the first alternating voltage if 
15 according to a predetermined program the charged particles are to change 
position in the electrophoretic system, and it further holds that the control 
means are arranged to present the second alternating voltage in a phase 
which is substantially equal to the phase of the Gxst alternating voltage if 
according to the predetermined program the charged particles in the 

2 0 electrophoretic system are to substantially maintain an assumed position in 

the electrophoretic system. 

This provides the advantage that, in addition to enhancing the effect 
of the rectified voltage with the first alternating voltage superposed thereon 
as imposed on the first electrode, it is also possible to weaken this effect, if 
25 desired. The enhancement or weakening is controllable with the phase 

difference to be applied between the first alternatii^ voltage and the second 
alternating voltage, ThuB, the device can be designed in a simple manner 
and yet provide many possibilities of controlling the electrophoresis to a 
desired extent, since» instead of adjusting the height of the amplitude of the 

3 0 first alternating voltage to obtain an enhancement or a weakening, only the 
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phase of the second alternating voltage with respect to the phase of the first 
alternating voltage needs to be adapted. 

Thus, an electrophoresis can, for instance, be carried out completely 
in an accelerated manner. Within the meaning of this application^ a 
5 complete electrophoresis includes the charged particles having traveled the 
maximum bridgeable distance between the electrodes and/or, for instance, 
all charged particles having traveled the distance between the electrodes. In 
this case, the phase of the second alternating voltage must be substantially 
opposite to the phase of the first alternating voltage. In the example of the 

1 0 electrophoretic display, this implies that there is a possibility of increasing 
to an ample extent the rate at which the images can be alternated. In fact, 
the movement of the particles can take place very rapidly by effectively 
obtaining an alternating voltage from a high amplitude. The time t 
consequently required for a complete electrophoresis can be very short. 

15 When the phase of the second alternating voltage is substantially equal to 
the phase of the first alternating voltage, the effect of the first alternating 
voltage is virtually completely imdone by the second alternating voltage, 
and the particles will only relatively slowly, and hence hardly, change 
position. 

20 A very special embodiment of a device according to the invention is 

characterized in that the control means are arran^d to maintain for a 
predetermined length of time the rectified voltage with the first alternating 
voltage superposed thereon, the control means further being arranged to 
cause, after a time shorter than the predetermined length of time, the 

25 second alternating voltage to make a phase jump of substantially half a 
wavelength to obtain a partial electrophoresis within the predetermined 
length of time. 

This provides the advantage that, if desired, a partial electrophoresis 
can be controlled as a function of the time in which the second alternating 
3 0 voltage is imposed on the second electrode within a predetermined length of 
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time in a phase equal to the phase of the first alternatiiig voltage. In this 
connection, a partial electrophoresis can be understood to mean that within 
the predetermined length of time the particles have traveled only a part of 
the maximum bridgeable distance between the electrodes. It coidd also be 
5 understood to mean that not all particles travel the maximum distance 
between the electrodes. A device according to this embodiment can be 
arranged in a very simple manner to enable a very accurate control of a 
desired extent of electrophoresis within a standardized length of time. 
Moreover, this length of time can be very short, since the standardized 

1 0 length of time can be the length of time required for the particles to bridge 
the maximum distance to be traveled at a rectified voltage with the first 
alternating voltage superposed thereon as imposed on the first electrode and 
an alternating voltage imposed on the second electrode, enhancing the effect 
of the first alternating voltage* Any desired extent of electrophoresis that 

15 does not correspond to a complete electrophoresis can be achieved in a 

simple manner within the standard length of time- For the example of the 
electrophoretic display built up from a multiplicity of such devices, this 
provides the advantage that a so-called gray shade can be provided in a 
display element in a rapid and simple manner. By such a gray shade is 

20 meant a shade midway between the color that the view side of the display 
element shows when aU the particles are on the view side and the color that 
the view side of the display element shows when all particles are on the side 
remote from the view side. In that case, in a black-and-white display, it is 
possible to provide true gray shades. In a color display this affords a 

25 possibility of controlling brightness. Also, this embodiment offers a 
possibility of forming mixed colors. 

An elaborated embodiment of a device according to the invention is 
characterized in that the electrophoretic system included in a channel is 
included in a matrix of mutually separated channels each provided with an 

3 0 electrophoretic system and each provided on a first and a second side with 
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respectively a first electrode and a second electrode, which matrix comprises 
at least two rows and at least two columns, while in each row the first 
electrodes are electrically connected with each other, and in each column the 
second electrodes are electrically connected with each other* 
5 This embodiment provides the advantage that a desired extent of 

electrophoresis can be controlled in multiple electrophoretic systems with 
relatively simple control means. Individual first and second electrodes for 
each electrophoretic system included in a separate channel have thus 
become superfluous. Moreover, this implies that the multiple channels 

10 could, for instance, be included in a flexible foil against which flexible first 
electrodes and flexible second electrodes are provided, in rows on a first side 
of the foil and columns on a second side of the foil, respectively* This allows 
the manufacture of flexible electrophoretic displays. 

A more practical embodiment of such a device according to the 

15 invention is characterized in that the control means are arranged to select, 
according to a predetermined sequence, a row for imposing on the first 
electrode of the selected row the rectified voltage with the first alternating 
voltage superposed thereon, and to control, according to the predetermined 
program, through imposing the second alternating voltage on each second 

20 electrode, a desired extent of electrophoresis in each electrophoretic ^stem 
located in the selected row. This provides the advantage that the desired 
extent of electrophoresis of each individual electrophoretic system located in 
a row can be controlled. This is because on the first electrode, the rectified 
voltage with the first alternating voltage superposed thereon can be 

25 imposed, and on each second electrode the second alternating voltage can be 
imposed, while the phase with respect to the first alternating voltage and/or 
the time over which the second alternating voltage in a particiilar phase is 
applied can be different per second electrode, &r instance according to a 
predetermined program. 



BNSDOCID: <WO. 



wo 03A)65338 PCT/NIj03/00070 

9 

Furthermore, in a further elaboration, it may hold that the control 
means are further arranged to impose a zero voltage on the first electrode of 
a row if the desired extent of electrophoresis has already been controlled in 
each electrophoretic system located in that row. This provides the 
5 advantage that across the electrophoretic systems of which the desired 
extent of electrophoresis has already been controlled, only the second 
alternating voltage generated around a zero voltage will be applied. This 
has as a result that while the particles might become involved in a back* 
and-forth movement, they will in effect hardly, if at all, change in position. 

10 This is because the second alternating voltage is an alternating voltage 
generated in balance around a zero voltage and comprises, besides the 
second alternating voltage, no rectified voltage component. The already 
controlled desired extent of electrophoresis will therefore not be undone* 
In addition, this embodiment solves the alleged problem that an 

15 electrophoretic display comprising electrophoretic systems arranged in a 
matrix is not drivable with a so-called passive drive. In other words, it 
proves to be quite possible to drive electrophoretic displays with first 
electrodes which, on a first side of the multiple electrophoretic systems 
arranged in a matrix, electrically interconnect the electrophoretic ^stems 

20 positioned in one row, and with second electrodes which, on a second side of 
the multiple electrophoretic systems arranged in a matrix, electrically 
interconnect the electrophoretic systems positioned in one row. Heretofore, 
this was considered impossible because, as is often assumed, electrophoretic 
systems do not have a threshold voltage for getting the particles to move. In 

25 the absence of a threshold voltage, in case of a passive drive, undesired 
influencing of particles in a non-selected electrophoretic system cannot be 
precluded. 

Furthermore, the control means can be arranged to impose a 
relatively high rectified voltage on the first electrode of a row of which in 
30 each electrophoretic system positioned in that row the desired extent of 
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electrophoresis is yet to be controlled. In this way, a starting position can be 
£lxed for each electrophoretic system positioned in a row of which the 
desired extent of electrophoresis is yet to be controlled. The relatively high 
rectified voltage is preferably so high that the second altematii^ voltage 
5 has no influence on the particles in the electrophoretic systems across which 
the relatively high rectified voltage has been applied. 

As stated before, for the purpose of the apphcation of a display, the 
particles can be provided with a color different from a color of the medium. 
At least one of the particles in the electrophoretic system can 

10 comprise a biological substance, and preferably even a fragment of DNA, 

One of the particles can comprise, for instance, a protein. In such a case, the 
medium can comprise a microporous geL In that case, the multiple 
electrophoretic systems arranged in a matrix can provide a device with 
which, on a large scale, many different experiments can be carried out 

IS according to a predetermined program relatively fast and/or with a high 
yield. 

The invention further relates to a method for controlling 
electrophoresis of an electrophoretic system which comprises a multiplicity 
of charged particles included in a medium. 
20 In addition, the invention relates to a method for controlling 

electrophoresis in multiple electrophoretic systems arranged in a matrix. 
The invention wiU now be explained with reference to a drawing, in 

which: 

Fig. la shows a diagram of a rectified voltage and an alternating 
25 voltage generated in balance aroimd a zero voltage for reaHzing a first 
embodiment of the invention; 

Fig. lb shows a voltage gradient obtained by superposing the voltage 
profiles shown in Fig. la; 

Fig. 2a shows a voltage gradient imposed on a first electrode, 
3 0 according to a second embodiment; 
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Fig. 2b shows a voltage gradient imposed on a second electrode^ 
according to the second embodiment; 

Fig. 2c shows a voltage gradient effectively appUed across an 
electrophoretic system according to the second embodiment; 
5 Fig. 2d shows a schematic electrophoresis diagram of an 

electrophoretic system across which a voltage gradient according to Fig. 2c 
has been applied; 

Fig. 3a shows a voltage pattern imposed on the first electrode 
according to an alternative second embodiment of the invention; 
10 Fig. 3b shows a voltage gradient imposed on the second electrode 

accordii]^ to the alternative second embodiment of the invention; 

Fig. 3c shows a voltage gradient effectively applied across the 
electrophoretic system according to the alternative second embodiment of 
the invention; 

15 Fig. 3d shows a schematic electrophoresis diagram of an 

electrophoretic system across which the voltage gradient of Fig. 3c has been 
apphed; 

Fig. 4a shows a voltage pattern imposed on a first electrode according 
to a third embodiment of the invention; 
20 Fig, 4b shows a voltage pattern imposed on a second electrode 

according to the third embodiment of the invention; 

Fig. 4c shows a voltage gradient effectively applied across an 
electrophoretic system according to the third embodiment of the invention; 

Fig. 4d shows an electrophoresis diagram of an electrophoretic system 
2 5 across which the voltage gradient of Fig. 4c has been applied; 

Fig. 5a shows a voltage gradient imposed on a first electrode 
according to an alternative third embodiment of the invention; 

Fig. 5b shows a voltage gradient imposed on a second electrode 
according to the alternative third embodiment of the invention; 
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Fig. 5c shows a voltage gradient effectively applied across an 
electrophoretic system according to the alternative third embodiment of the 
invention; 

Fig. 5d shows an electrophoresis diagram representing the 
5 electrophoresis of an electrophoretic system across which a voltage gradient 
according to Fig. 5c has been applied; 

Fig. 6a schematically shows a fourth embodiment of a device 
according to the invention with a schematic representation of a method 
according to the invention; and 

10 Fig. 6b shows the fourth embodiment schematically shown in Fig. 6a 

in a later phase in a method according to the invention. 

A device for controlling electrophoresis of an electrophoretic system 
included in a channel is provided with control means which are arranged to 
apply a rectified voltage across at least a part of the electrophoretic system. 

15 Such a rectified voltage is indicated in a diagram of Fig. la with a dotted 
Hne. According to the invention, the control means are further arranged to 
superpose on the rectified voltage an alternating voltage generated in 
balance around a zero voltage^ An example of an alternating voltage 
generated in balance around a zero voltage is indicated in Fig. la with a full 

2 0 line in the diagram. A multiplicity of charged particles included in a 

medium of the electrophoretic system is moved through the medium under 
the influence of the rectified voltage and the alternating voltage geneirated 
in balance around a zero voltage, as represented in Fig. la. In effect, the 
particles are thus subjected to a voltage gradient as represented in the 

25 diagram of Fig. lb. According to this voltage pattern, the particles are, as 

expected, moved back and forth through the medium. As represented in this 
example, a voltage dii^rence of —4 V and a voltage diflference of 3 V is 
alternately applied over the particles. As a resvdt, the particles will net 
change in position. It has turned out that a response of the particles is 

30 achieved faster upon subjecting the particles to a voltage gradient as shown 
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in the diagram of Fig. lb than upon subjecting them to a rectified voltage as 
shown in the diagram of Fig. la with the dotted Hne. In other words» the 
time the particles need to bridge a distance between two electrodes can, 
when they are subjected to a voltage gradient as shown in the diagram of 
5 Fig. lb, be much shorter than the time the particles need when subjected to 
a rectified voltage as shown with the dotted line in the diagram of Fig. la. 

It may also be that after a particular unit of time more particles have 
arrived at an electrode when the particles have been subjected to a voltage 
gradient according to Fig. lb, in comparison with particles subjected to a 

10 voltage gradient accordii^ to the dotted line in Fig. la. 

According to a second embodiment of a device according to the 
invention, the channel with the multiplicity of charged particles included in 
a medium is provided, at a first channel end and at a second channel end, 
with a first electrode and a second electrode > respectively. The control 

15 means are further arranged to impose on the first electrode the rectified 
voltage having superposed thereon a first alternating voltage generated in 
balance around a zero volta^. On the first electrode, therefore, a voltage 
gradient as shown in Fig, 2a is imposed. The control means are further 
arranged to impose on the second electrode a second alternating voltage 

2 0 generated in balance around a zero voltage. This second alternating voltage 

generated around a zero voltage may correspond to a voltage gradient as 
shown in Fig. 2b, In effect, a voltage gradient as shown in Fig. 2c is appKed 
across the electrophoretic system positioned between the first and the 
second electrode. Certainly in a short time, the particles subjected to a 
25 voltage gradient according to Fig. 2c wDl hardly change position in the 

mediiun. Accordingly, the electrophoresis will hardly, if at all, proceed, as 
shown in the electrophoresis diagram according to Fig. 2d. 

It may also be, however, that on the first electrode, again a voltage 
gradient according to Fi^, 2a, see Pig. Sa, is imposed, but that on the second 

3 0 electrode a second alternating voltage generated in balance around a zero 
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voltage is imposed, which is opposite in phase to the phase of the first 
alternating voltage imposed on the first electrode. In that case, the 
multiplicity of charged particles included in a medium of the electrophoretic 
system is in effect subjected to a voltage gradient as shown in Fig. 3c, With 
5 such a voltage gradient, the particles will in a relatively short time, and/or 
relatively many particles will in a short time, bridge a distance between the 
electrodes, and accordingly the electrophoresis will take place completely, as 
represented in the electrophoresis diagram according to Fig. 3d. It should be 
noted that the di&rence between the schematic electrophoresis diagram as 

1 0 shown in Fig, 2d and the electrophoresis diagram as shown in Fig. 3d is only 
caused by a difference in phase in the second alternating voltage imposed on 
the second electrode. 

In a third embodiment, the control means are arranged to apply to a 
first electrode a rectified voltage having superposed thereon a first 

15 alternating voltage generated in balance around a zero voltage for a 
particular length of time, as shown in Fig. 4a, In this embodiment, the 
control means are further arranged to cause the second alternating voltage, 
after a time shorter than the predetermined length of time, to make a phase 
jump of substantially half a wavelength. In Fig. 4b, this predetermined 

20 length of time has been set to be equal to 0.5 units of time. The charged 
particles, included in a medium, of an electrophoretic system situated 
between the electrodes of this embodiment, are subjected to an undervoltage 
gradient as shown in Fig. 4c. At such a voltage gradient, the particles are 
induced firom time 0 to 0^5 units of time to perform an electrophoresis. After 

25 these 0.5 units of time, the particles are hardly, if at all, subjected to a 

voltage Eoiymore that results in a continuing electrophoresis. If in one unit 
of time a complete electrophoresis, for instance 100%, can be obtedned, only 
50% of the electrophoresis will take place when the chaii^ed particles are 
subjected to a voltage gradient as shown in Fig. 4c, This is shown in Fig. 4d. 

30 As can be derived icom Fig. 4b, this partial electrophoresis has been effected 
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because the second alternating voltage, after a time shorter than the 
predetermined length of time, has made a phase jximp of substantially half a 
wavelength. Such a partial electrophoresis can be advantageous in 
electrophoretic systems that are included in a display. If an electrophoretic 
5 system included in a display element comprises, for instance, black charged 
particles and a white medium, the display element may, in case of a 
complete electrophoresis, be black on a view side- In case of a partial 
electrophoresis, the display element may be gray. 

Now, suppose again that on a first electrode of such an embodiment a 

10 rectified voltage having superposed thereon a first alternating voltage 
generated in balance around a zero voltage is imposed. See Fig. 5a. The 
control means may farther be arranged to impose on the second electrode a 
second alternating voltage equal in phase to the first alternating voltage, for 
a length of time oi, for instance, 0.25 units of time, and to impose after the 

15 0.25 units of time a second alternating voltage opposite to the first 
alternating voltage. See Fig. 5b. The charged particles, included in a 
medium, of an electrophoretic system situated between such first and 
second electrodes are subjected to a voltage gradient as shown in Fig. 5c. In 
this case, in the first 0.25 imits of time, the particles are subjected to a 

2 0 voltage gradient that hardly entails a change of the particles in the medium. 

Following the first 0.25 units of time, however, the particles are subjected to 
a voltage gradient that does entail a change of the position of the particles 
in the medium. Accordingly, in the remaining length of time of a complete 
unit of time, it is possible in this example to achieve 75% of a complete 
25 electrophoresis, as shown in Fig. 5d, With the control means arranged to 
maintain the rectified voltage having superposed thereon the first 
alternating voltage for a predetermined length of time sufficient to be able 
to achieve a complete electrophoresis with the control means, and 
additionally arranged to cause the second alternating voltage, after a time 

3 0 shorter than the predetermined length of time, to make a phase jump of 
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substantially half a wavelength, a partial electrophoresis can be achieved in 
the predetermined length of time. In this way, therefore, it has become 
possible to control a desired extent of electrophoresis in a channel merely by 
jumping a phase as a function of the time. Of course, the extent of 
electrophoresis need not be proportioned to the time in which the phase of 
the first and the second alternating voltage are opposite to each other. A 
non-proportional relation is also possible. Through calibration techniques, 
however, these relations can be easily determined by those skilled in the 
art. 

It is of course also possible, instead of causing the phase to jump by 
half a wavelength, to cause the phase difiference between the first and the 
second alternating voltage to become slightly more or slightly less than half 
a wavelength. 

In a special structural variant, as shown in Fig. 6a and in Fig. 6b, the 
electrophoretic system included in a channel 1 is included in a matrix of 
mviltiple mutually separated channels 1 which are each provided with an 
electrophoretic system. Each channel 1 is provided, on a first side and on a 
second side, with a first electrode 2.y <y^ 1,2,3 ..•) and a second electrode 
3.x(x=l,2,3 respectively. The matrix comprises at least two rows r.y 
(y=l,2,3 and at least two columns k.x (x=l,2,3 In each row r.y the 
first electrodes 2.y are electrically connected with each other, and in each 
column k.x the second electrodes 3,x are electrically connected with each 
other. Such a matrix may, for instance, be composed of a foil 4 provided with 
the channels 1, Each channel 1 is filled with an electrophoretic system 
comprising a medium having included therein electrically charged particles. 
In each row r.y the channels 1 may be closed on a first side with an 
electrode 2.y. In each column k.x the channels may be closed on a second 
side with a second electrode 3.x. 

In this case, the device for oontrollii^ electrophoresis is therefore 
provided with midtiple mutually separated channels 1 which are each 
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provided with an electrophoretic system. The channels 1 are ftirther each 
provided, on a first side and on a second side situated substantially opposite 
the first Bide, with a first electrode and a second electrode, respectively. 
Furthermore, the channels are each included in a matrix, that is, arranged 
5 in a matrix comprising at least two rows and two columns. In each row the 
first electrodes are electrically connected with each other, and in each 
column the second electrodes are electrically connected with each other. 

Hereinafter, the first electrode 2,y will be indicated as a row electrode 
2.y, and the second electrode 3.x will be indicated as a column electrode 3.x. 

10 With a method as will now be described, a predetermined desired 

extent of electrophoresis can bo obtained in each channel 1 separately by 
imposing on the first electrode a voltage having a suitably selected voltage 
gradient and by imposing on the second electrode a suitably selected voltage 
gradient. In this example, the control of the electrophoresis is carried out 

15 per row. To this end, there is first selected a row in which the 

electrophoresis is to be controlled in each channel. In Fig, 6a there is 
imposed on the row electrode of the row r.l a rectified voltage having 
superposed thereon a first alternating voltage generated in balance around 
a zero voltage. The voltage gradient of the voltage imposed on the row 

20 electrode 2.1 changes about a zero voltage^ with a positive amplitude 

amounting to 3 V and a negative amplitude amounting to —4 V. When the 
electrophoretic system situated in the channel of row r.l and column k»l is 
not to change, then, as shown in Fig, 6a, to the second electrode, that is, the 
column electrode 3.1 of column k.l, a second alternating voltage generated 

2S in balance around a zero voltage wiU be applied. In this example, this 
alternating voltage has a positive amplitude of 3 V and a negative 
amplitude of —3 V. In effect, the voltage to which the electrophoretic system 
in the channel 1 positioned in row r.l and column k.l is subjected will have 
a gradient with alternately 0 V and -1 V. When in the electrophoretic 

3 0 system of the channel positioned in row r. 1 and column k.3 an advanced 
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extent of electrophoresis is to take place, there is applied to the second- 
electrode 3.3» the column electrode 3.3 of column k.3> a second alternating 
voltage generated in balance around a zero voltage. This second alternating 
voltage has a negative amplitude of —3 V and a positive amplitude of 3 V. 
5 Bfifectively, the electrophoretic system in the channel 1 positioned in row r.l 
and column k.3 is subjected to a voltage gradient in which a positive 
amplitude of 6 V and a negative amplitude of -7 V alternate. As is known 
from the foregoing, an advanced extent of electrophoresis takes place in this 
channel 1. In this example, the alternating voltage applied to the column 

10 electrodes 3,1, 3.3 of coliunn k.l and column k.3 takes place in one unit of 
time. When in the electrophoretic system of the channel positioned in row 
r.l and column k.2 an electrophoresis is to take place to an extent between 
the extent of electrophoresis of the channel 1 positioned in the row r.l and 
column k,l and the extent of electrophoresis of the channel 1 positioned in 

15 the row r.l and column k.3, an alternating voltage can be applied to the 

second electrode 3.2, the column electrode 3.2 of column k.2, whereby after 
half a imit of time the alternating voltage makes a phase jump of half a 
wavelength. As can be seen in Fig. 6a, for instance for a £u:st half unit of 
time, a second alternating voltage generated in balance around a zero 

20 voltage can be imposed on the colunm electrode of column k,2. The positive 
amplitude of this alternating voltage is 3 V, while the negative amplitude of 
this alternating voltage is -3 V, After half a unit of time, this alternating 
voltage can phase shift by half a wavelength. As is indicated with the 
represented numbers in the channel 1 positioned in row r.l and column k.2, 

25 the electrophoretic system wiU in effect be subjected in the first half unit of 
time to a voltage having a voltage gradient in which a zero voltage is 
alternated by a voltage of -1 V, while in the second half unit of time the 
electrophoretic system is subjected to a voltage gradient in which 6 V and 
-7 V occur alternately. In the first half unit of time, electrophoresis will 

3 0 hardly, if at all, take place, while in the second half unit of time a far- 
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advanced extent of electrophoresis will take place. Since the time in which 
the £ar-advanced extent of electrophoresis will take place in the channel 1 
positioned in row r.l and column k.2 is half of the time in which a &.r- 
advanced extent of electrophoresis will take place in the channel positioned 
5 in row r.l and column k.3, the far-advanced extent of electrophoresis will, in 
one xmit of time, only partly take place in the channel 1 positioned in row 
r.l and column k,2. It will be clear that the electrophoresis of the 
electrophoretic systems in all channels 1 positioned in row r,l can be 
controlled simultaneously. It will also be dear that for the individual control 

10 of the electrophoresis in the electrophoretic systems positioned in row r,l in 
one unit of time only the phase of an alternating voltage generated in 
balance aroimd a zero voltage is used. In this example, the rectifLed voltage 
applied to the row electrode of row r,l having superposed thereon the first 
alternating voltage is not changed in one unit of time. When the 

15 electrophoresis has been controlled to a desired extent in all the channels 1 
positioned in row r.l, a zero voltage is applied to the first electrode 2,1 or 
the row electrode 2,1 of row r.l, as shown in Fig. 6b. Subsequently^ a 
rectified voltage having superposed thereon an alternating voltage 
generated in balance around a zero voltage is applied to the row electrode 

20 2.2 of the second row r.2. 

When according to a predetermined program electrophoresis is 
hardly, if at all, to occur in the channel 1 positioned in row r.2 and column 
k,l, then, according to the predetermined program, in a second unit of time, 
a second alternating voltage generated in balance arotmd a zero voltage is 

25 applied to the column electrode 3.1 of colimin k.l. This alternating voltage 
has a positive amplitude of 3 V and a negative amplitude of —3 V, The first 
alternating voltage imposed on the row electrode 2.1 and the second 
alternating voltage imposed on the column electrode 3.1 are in this case in 
phase with each other. Effectively, there is therefore generated over the 

30 electrophoretic system in the channel 1 positioned in row r.2 and column k.l 
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a voltage gradient in which a zero voltage is alternated with a voltage of 
-1 V. As known from the foregoing, hardly any electrophoresis will take 
place in the channel 1 positioned in row r-2 and column k,l When according 
to the predetermined program a far-advanced extent of electrophoresis is to 
5 take place in the channel 1 positioned in row r.2 and colxunn k.2, a second 
alternating voltage generated in balance around a zero voltage is applied to 
the column electrode 3.2 of column k.2. This second alternating voltage is 
opposite in phase to the phase of the alternating voltage applied to the row 
electrode 2.2. Therefore, as known from the foregoing^ a far-advanced extent 

10 of electrophoresis will take place in the channel 1 positioned in row r*2 and 
column k,2. Subsequently, a partial electrophoresis can be controlled in the 
channel positioned in row r.2 and column k.3 in a manner similar to fhe 
control in the channel positioned in row r.l and column k,2 , as shown in 
Fig* 6a* During the control of the electrophoresis of the channels positioned 

15 in row r,2, the second alternating voltage generated in balance around a 

zero voltage is applied to the column electrodes 3,1, 3.2, 3.3. Because a zero 
voltage is applied to the row electrode 2.1 of row r-l, the electrophoretic 
systems positioned in row r.l are only subjected to the second alternating 
voltage generated in balance around a zero voltage. Since there is no 

2 0 rectified voltage component to which the electrophoretic systems positioned 

in row r,l, the already controlled electrophoresis in the systems positioned 
in row r . 1 will not change. Similarly, the electrophoresis in each 
electrophoretic system positioned in a row can be controlled row by row. If it 
is known in advance to what extent electrophoresis is to take place in each 
25 individual electrophoretic system, a program can drive the row and column 
electrodes to subsequently control the desired extent of electrophoresis in 
each channel 1 in an efficient maimer. When the devices shown in Figs. 6a 
and 6b are parts of electrophoretic di^lays, each electrophoretic system 
positioned in a chaimel 1 will comprise a display element. To obtain a 

3 0 desired image, it will be known in respect of each display element to which 
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extent electrophoresis is to take place in that display element. This 
information can be used when determining the program that drives the row 
and column electrodes. Of course, in a device according to Figs. 6a and 6b at 
least the row electrodes or the column electrodes are transparent when the 
5 device is used as part of a display. The starting position, or the position of 
the charged particles in the medium of each electrophoretic system, can be 
determined uniformly for all the electrophoretic systems in which the 
electrophoresis has not yet been controlled to the desired extent, by 
imposing a relatively higher rectified voltage to the row electrodes of the 

10 rows with electrophoretic systems whose electrophoresis has not been 

controlled yet* As a result, it is not necessazy to> for instance, include in a 
display an extensive memory for fixing the starting position of a particular 
electrophoretic system, since this starting position will be determined by the 
previous image shown by the display* In Figs. 6a and 6b, a rectified voltage 

15 of 15 V is applied to the row electrodes 2.1, 2,2, 2,3 of the rows r.x with an 
electrophoretic system whose electrophoresis has not yet been controlled* 
The second alternating voltage of a relatively low amplitude, generated in 
balance about a zero voltage, applied to all column electrodes 3-1, 3,2, 3.3 
will hardly influence the effect of the relatively high rectified voltage 

2 0 apphed to the row electrode. 

It will be dear that many variants of the device shown and the 
method described are possible. Smaller or greater phase differences may be 
used as welL It is also possible to provide the electrophoretic systems with 
oppositely charged particles. WMte particles that are, for instance, 
25 positively charged and black particles that are, for instance, negative 

charged may also be included in an electrophoretic system used as display 
element. It will also be clear that the amplitudes of the alternating voltage, 
as is shown in all the figures and in particular in Figs. 6a and 6b, may also 
be selected differently. The alternating voltages may also have forms that 

3 0 are different firom the square-wave voltages shown in the figures. Those 
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skilled in the art will realize that the number of units of time and the 
number of wavelengths per unit of time can also be optimized for a selected 
electrophoretic system or selected multiple electrophoretic systems. It 
should further be clear that suitable amplitudes of the alternating voltages 
5 must be determined again for each electrophoretic system. Depending on 
the electrophoretic system, particular processes in an electrophoretic system 
can ensure that a wholly di:fferent set of amplitudes of the first alternating 
voltage and the second alternating voltage, and even the height of the 
rectified voltage, will achieve the effect as described in this application. 

10 Processes that can play a role in this regard may comprise the unraveling of 
parts that have coagulated, the generation and/or regeneration of charge 
and perhaps also the overcoming of a threshold voltage, for instance caxised 
by the effect of sticking to the electrodes. For each electrophoretic system, 
however, the skilled person will be able to find a suitable first alternating 

15 voltage, second alternating voltage, rectified voltage, phase difference, and 
unit of time and form of the alternating voltage, to obtain the effect 
achieved with a method according to the invention. As stated, a device 
according to the invention is eminently suited for a display that may 
optionally be of flexible design by including the electrophoretic system in 

20 channels with which a foil is provided. These channels must then be covered 
using the row and column electrodes, while at least the column electrodes or 
the row electrodes are of transparent design. 

As stated before, such a device is also suitable for use in a laboratory 
in which a controlled electrophoresis is to take place in a large number of 

25 electrophoretic systems. For instance in experiments on a large number of 
samples where in each sample an electrophoresis different from the 
electrophoresis of all other electrophoretic systems is to take place, a device 
and a method according to the invention can be used. In such a device and 
method, the voltage gradient imposed on the row electrodes need not be 

30 equal for each row. Thus, the amphtudes of the alternating voltage imposed 
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on each column electrode need not be equal either. In such a device and 
method, it is possible to carry out a huge number of electrophoresis 
experiments within a very short time. Such variants are each understood to 
faJl within the scope of the invention. 
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CLAIMS 



1. A device for controlling electrophoresis, which device is provided with 
an electrophoretic system included in a channel, comprising a multiplicity of 
charged particles included in a medium, which device is further provided 
with control means arranged to apply a rectified voltage across at least a 
part of the electrophoretic system, characterized in that the control means 
sure fmther arranged to superpose on the rectified voltage an alternating 
voltage generated in balance around a zero voltage* 

2. A device according to claim 1, characterized in that the channel is 
provided at a fibrst channel end and at a second channel end with a first 
electrode and a second electrode, respectively, the control means being 
arranged to impose on the first electrode the rectified voltage having 
superposed thereon a first alternating voltage generated in balance around 
a zero voltage. 

3. A device according to claim 2, characterized in that the control means 
are further arranged to impose on the second electrode a second alternating 
voltage generated in balance around a zero voltage. 

4. A device according to claim 3, characterized in that the control means 
are further arranged to present the second alternating voltage in a phase 
substantially opposite to the phase of the first alternating voltage if 
according to a predetermined program the charged particles in the 
electrophoretic system are to change in position, and the control means are 
further arranged to present the second alternating voltage in a phase 
substantially equal to the phase of the first alternating voltage if according 
to the predetermined program the charged particles in the electrophoretic 
system are to substantially maintain an assumed position in the 
electrophoretic system. 



wo 03/065338 PCT/NL03/00070 

25 

5. A device according to claim 4, characterized in that the control means 
are arranged to maintain the rectified voltage with the first alternating 
voltage superposed thereon for a predetermined length of time, the control 
means fiirther being arranged to cause, after a time shorter than the 

5 predetermined length of time, the second alternating voltage to make a 
phase jump of substantially half a wavelength to obtain a partial 
electrophoresis in the predetermined length of time, 

6. A device according to any one of claims 1-5, characterized in that the 
electrophoretic system included in a channel is included in a matrix of 

10 mutually separate channels each provided with an electrophoretic system 
and each provided on a first and a second side with a first electrode and a 
second electrode, respectively, which matrix comprises at least two rows and 
at least two columns, while in each row the first electrodes are electrically 
coimected with each other, and in each column the second electrodes are 

15 electrically connected with each other, 

7. A device according to claim 6, characterized in that the control means 
are arranged to select, according to a predetermined sequence, a row for 
imposing on the first electrode of the selected row the rectified voltage with 
the first alternating voltage superposed thereon^ and to control, according to 

20 the predetermined program, through imposing the second alternating 

voltage on each second electrode, a desired extent of electrophoresis in each 
electrophoretic system positioned in the selected row. 

8. A device according to claim 7, characterized in that the control means 
are also arranged to impose on the first electrode of a row a zero voltage if 

25 the desired extent of electrophoresis has already been controlled in each 
electrophoretic system positioned in that row- 

9. A device according to claim 7 or 8, characterized in that the control 
means are further arranged to impose a relatively high rectified voltage on 
the first electrode of a row of which in each electrophoretic system the 

3 0 desired extent of electrophoresis is yet to be controlled. 
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10. A device according to any one of the preceding claims, characterized 
in that the particles are provided with a color diSerent &om a color of the 
medium. 

11. A device according to claim 10, characterized in that at least each 
5 firet electrode or each second electrode is of transparent design, 

12. A device according to any one of the preceding claims, characterized 
in that at least one of the particles comprises a biological substance. 

13. A device according to claim 12, characterized in that at least one of 
the particles comprises at least a fragment of DNA. 

10 14. A device according to claim 12 or 13, characterized in that at least 
one of the particles comprises a protein. 

15. A device according to any one of the preceding claims, characterized 
in that the medium comprises a microporous gel. 

16. A method for controlling electrophoresis of an electrophoretic system 
15 comprising a mtdtiplicity of charged particles included in a medium, which 

method comprises; 

• applying a rectified voltage across the electrophoretic system, 
characterized in that the method further comprises: 

• applying across the electrophoretic system an alternating voltage 

2 0 generated in balance around a zero voltage, superposed on the 

rectified voltage. 

17. A method according to claim 16, characterized in that the method 
comprises: 

• imposing the rectified voltage having superposed thereon a first 

25 alternating voltage generated in balance around a zero voltage, on an 

electrode positioned on a first side of the system. 

18. A method according to daim 17, characterized in that the method 
comprises: 

• imposing a second alternating voltage generated in balance around a 

3 0 zero voltage on an electrode positioned on a second side of the system. 
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19, A method for controlliiig electrophoresis in multiple electrophoretic 
systems arranged in a matrix, each system at least comprising equally 
charged particles included in a medium, which matrix comprises at least 
two columns and at least two rows» the multiple electrophoretic systems 

5 being provided on a first side with row electrodes and on a second side with 
column electrodes^ which method comprises: 

• selecting a row of electrophoretic systems; 

• imposing on the row electrode of the selected row a rectified voltage 
having superposed thereon a first alternating voltage generated in 

10 balance aroimd a zero voltage; 

• imposing on each colimin electrode a second alternating voltage 
generated in balance around a zero voltage. 

20, A method accordii^ to claim 19, which method further comprises: 
m selecting an electrophoretic system included in the selected row; 

15 • arranging for the second alternating voltage to have a phase opposite 
to the phase of the first alternating voltage if according to a 
predetermined program the charged particles in the medium of the 
selected electrophoretic system are to change in position; and 

• arranging for the second alternating voltage to have substantially a 

2 0 phase which is substantially equal to the phase of the first 

alternating voltage if according to a predetermined program the 
charged particles in the medium of the selected electrophoretic 
system are to substantially maintain an assumed position in the 
electrophoretic system, 
25 21. A method according to claim 20, characterized in that the method 
comprises: 

• maintaining for a predetermined length of time a rectified voltage 
with the first alternating voltage superposed thereon; and 

• causing, after a time shorter than the predetermined length of time, 

3 0 the phase of the second alternating voltage to jump. 
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22. A method according to claim 21, characterized in that the method 
comprises: 

• imposing a zero voltage to the first electrode of a row if a desired 
extent of electrophoresis has already been controlled in each 
electrophoretic system positioned in that row. 

23. A method according to claim 21 or 22» characterized in that the 
method comprises: 

• imposing a relatively high rectified voltage on the first electrode of a 
row of which in each electrophoretic system the desired extent of 
electrophoresis is yet to be controlled. 
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